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INTRODUCTION




INTRODUCTION:

The purpose of this report is to explain the investigation, structural floor analysis, and
the results of this analysis on room 1019 of the Federal building located at 517 Gold
Avenue SW, Albuquerque, New Mexico. This report was requested by the General
Services Administration, Design and Construction Division, Fort Worth, Texas through
order number P-07-92-JU-0051.
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SCOPE:

The investigation of room 1019 was prompted by the U.S. Forest Service’s request to
replace the current air handling unit in the room with a new one with a higher capacity.
The structural investigation of the floor slab in room 1019 was to determine if the new
air handling unit could be installed without causing the floor slab to become
overstressed. The investigation consisted of a review of all data supplied by GSA, a site
investigation, structural floor slab analysis, conclusions from the analysis, and
recommendations on solutions to any inadequacies found during the analysis.

Copies of the original construction drawings of the building were supplied by GSA for a
seismic analysis currently underway. These plans were used‘to determine the structural
floor system of room 1019. The drawings show a two-way slab system supported by
concrete columns at twenty-five feet on center. Reinforcement for the slabs is called out
on the plans. This information was used to determine the load capacity of the floor.

The site investigation was performed on February 14, 1992 by our office. The site
investigation was performed to gather additional data and to verify existing conditions of
the floor slab and the loads imposed on it.

The structural floor slab analysis was performed by the equivalent frame method as
prescribed by ACI 318-89 and PCA’s "Notes on ACI 318-89, Building Code
Requirements for Reinforced Concrete”. Dead loads were taken from the plans
mentioned earlier and from the data gathered during the site investigation. Live loads
were taken from the Uniform Building Code, 1991 Edition.

Conclusions based on the structural analysis are presented in this report as are
recommendations concerning the condition of the floor slab with regard to strength and

serviceability.
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PLAN REVIEW: ‘

The plans supplied by GSA, as mentioned earlier, showed the floor slab to be a two-way
concrete slab supported by concrete columns. The slab was indicated to be an 8" thick
and having dropped panels (8-4" x 8-4" x 4" thick) at the columns.

The supplied plans are dated 1956, and are somewhat obscure as to the strengths of
materials used. The reinforcing used was specified to comply with ASTM 305-49, an
ASTM reference that has since changed to ASTM 615. However, ASTM 615 allows for
two different grades of reinforcing, grade 40 with a yield strength of 40 ksi and grade 60
with a yield strength of 60 ksi. Since there was no reference to which grade of
reinforcing was used, we assumed that it was grade 40, feeling that it was much more
likely to have been used in 1957 than grade 60. " Also rather obscure was the strength of
the concrete specified for the floor slabs. The plans allowed for three strengths of
concrete to be used on the building, 2500 psi, 3000 psi, and 3750 psi. The plans did call
for the columns to be of 3750 psi concrete and the walls to be of 3000 psi concrete. We
assumed that it was far more likely for the slabs to be the same strength as the walls, so
the calculations were based on a concrete strength of 3000 psi. One other pertinent item
that was fairly obscure on the plans was the floor slab reinforcement. No reinforcement
was specifically called out for the floor slab at column lines "E" or "F" in the north-south
direction. However, these column lines are fairly typical and were assumed to be
reinforced the same as column line "D". This type of noting, noting one typical item and
making the other typical ones the same, was common practice in old style plans.
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SITE INVESTIGATION:

The site investigation was performed on February 14, 1992 to verify existing conditions of
the floor slab and the loads. At the time of the site investigation, Room 1019 was being
used by the U.S. Forest Service as a computer room to house a Data General MV40,000
main frame computer system. Data concerning the computer system, existing air
handling unit, and other equipment in the room was gathered.

An access floor had been installed in the room. This would have allowed visual access
to the floor slab itself if the access panels had not been covered by computer equipment.
The equipment in the room was arranged in such a manner (photographs #1 - #3,
Appendix A) that virtually none of the panels could be removed, and certainly not
enough of the panels to allow a good overall view of the floor slab.

There was no obvious evidence of structural distress in the floor slab at the time of the
site investigation.

The existing air handling unit (see right-hand side of photograph #4, Appendix A) was a
Data model number CCT-15A2 manufactured by Airflow Company. The unit is
currently situated along the south wall of the room.
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STRUCTURAL ANALYSIS:
LOADS:

The loads generated and listed in Appendix B include the dead loads of the structure
and fixed equipment in the vicinity of Room 1019. The structure dead loads were based
on the plans supplied by GSA since no evidence to the contrary was discovered during
the site investigation.

Investigation of Airflow Company’s product literature revealed that the existing air
handling unit weighs 2000 lbs. The weight of the new unit was taken from the U.S.
Forest Service specifications supplied by GSA. The weight of the new unit was listed in
those specifications as 2780 lbs. However, since the specifications indicated a specific
unit as manufactured by Liebert or approved equal, the weight of the new unit was
assumed to be 3000 1lbs for the purpose of this analysis.

The weight of the main frame computer system was investigated by contacting the local
office of Data General. Information provided by this source was sketchy at best. The
weight of the system was referred to as "probably about 3000 lbs". Since the equipment
appeared to be considerably heavier than this, the weight used for the purpose of this
analysis was increased to 5000 lbs. This and the weights of the other equipment in the
room are listed in Appendix B. The total load of the equipment was divided by the area
of the room to provide a uniform load.

METHOD OF ANALYSIS:

The method of analysis used was the Equivalent Frame method as per ACI 318-89 (see
Appendix B for calculations). This was used to calculate the floor slab stiffnesses at
typical sections, dropped panels and at columns. The "equivalent frame" was then
modeled on the computer to calculate the stresses in the slab and the columns. The
stresses in the members were factored with appropriate ACI load factors in load
combinations #1 and #2. Deflections were also calculated by the computer program,
but these are based on the gross moment of inertia, not the effective moment of inertia
and are thus underestimated. The factored stresses calculated by the computer program
were then compared to the ultimate moment capacity of the member.
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RESULTS:

The results of the analysis revealed that the slab was overstressed when all loads were
used, so a fifth load combination was added representing only factored dead and live
loads. This revealed that the loads of the equipment in the room actually contribute
very little to the stresses in the floor slab. The majority of the stresses, approximately
95%, was caused by structure dead loads and UBC prescribed live loads.

Still, the results of the analysis were surprising. They indicated that under only dead and
live loads the floor slab was overstressed. Considering the fact that the building has
survived 35 years of use, the results were assumed to be in error. The results from the
computer analysis were then checked by hand, using the moment distribution method
illustrated in PCA’s "Notes on ACI 318-89, Building Code Requirements for Reinforced
Concrete". To simplify this analysis, all of the columns were assumed to be the same
size as the interior columns below the first floor. This caused the moments calculated by
this method to be slightly different from the computer analysis. However, the moments
at the center column line, column line 3, were only about 4% different from the
computer results. This served to verify that the results from the computer analysis were
indeed correct. The results indicated that the floor slab was overstressed when loaded
with the live load prescribed by the Uniform Building Code.
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CONCLUSIONS:

Several conclusions can be deduced from the results of this analysis. It is possible that
the actual material properties used in the building exceeded those indicated on the plans.
This would have increased the capacity of the slab. However, since no material testing
was allowed for with this contract, it is not possible to determine the actual material
properties nor the actual capacity of the slab.

Another possibility is that the floor in this area of the building has never experienced the
full UBC live load. The indicated S0 psf for offices is generally a conservative figure,
especially for an area such as this one, where there are relatively few people who
actually work in the room.

A third conclusion that can be drawn from these results is that the slab has actually been
overstressed. Two-way slab systems are very forgiving when it comes to a certain area
becoming overstressed. Moments are redistributed to other areas of the system so that
many areas have to become overstressed before an actual collapse occurs. However, no
evidence of the slab being severely overstressed was observed during the site

investigation.




RECOMMENDATIONS




RECOMMENDATIONS:

It is apparent from the results of this analysis that there is a good chance that the floor
slab in Room 1019 would not withstand the loads that the Uniform Building Code
requires that it withstand. However, it is not possible to determine if the actual capacity
without testing the materials actually used for the structure. Therefore, the first
recommendation would be to have the existing materials tested to determine their actual
structural properties. This should be done not only for Room 1019, but also for the

entire building.

The second recommendation would be to have the entire building be analyzed for gravity
loads given the results of the material testing. This i§ the only way to determine if the
structure poses a threat to the safety of the occupants. If the building does not meet the
requirements of the Uniform Building Code, then a method of upgrading the structure to
do so should be researched and enacted. Until such time as this can be accomplished,
measures should be taken by the building manager to insure that the floor live load in
any part of the building does not reach 50 psf. '

With regard to the primary purpose of this report, that of determining if the floor could
withstand the additional load induced by the installation of a larger air handling unit, the
analysis revealed that the additional load would not increase the existing stresses in the
slab to such a degree as to cause concern. The new unit may be installed.
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